Despite extensive efforts in basic and clinical research in the last decades, pancreatic ductal adenocarcinoma (PDAC) is still a devastating disease, with mortality rates almost equal to incidence rates ([@bib16]). About 80% of PDAC patients (pts) are diagnosed in inoperable, often metastatic stages of disease with palliative chemotherapy being the only remaining therapeutic option ([@bib8]). In addition, the overall PDAC incidence rates are rising in western societies ([@bib27]), which furthermore stresses the need for an intensified search for effective therapies as well as prognostic and predictive biomarkers---as these are still lacking, especially in advanced, that is metastatic disease ([@bib14]). PDAC often displays a dense desmoplastic stroma, which has been associated with chemoresistance ([@bib35]; [@bib32]) as it has been shown to inhibit drug penetration as a physical barrier and due to high tissue pressures ([@bib26]). This desmoplastic stroma is composed of lymphocytes, leukocytes and cancer-associated fibroblasts, which produce an extracellular matrix consisting of proteins such as collagens, hyaluronic acids and other proteins ([@bib15]). Among them, the calcium-binding protein secreted protein acidic and rich in cysteine (SPARC) has recently gained increasing attention as it interacts with and modulates the extracellular matrix and influences cell migration as well as angiogenesis and tissue remodelling ([@bib21]). It is overexpressed in PDAC compared with normal pancreatic tissue and increases the invasiveness of PDAC cells ([@bib7]). The peritumoral expression of the stromal component SPARC (also known as osteonectin-1, ON-1) has been linked to a worse prognosis in previous studies of resected PDAC, whereas the data on the impact of tumoral SPARC expression on pt outcome are conflicting in this context ([@bib13]; [@bib32]). Surprisingly, stromal SPARC expression has been shown to be associated with improved treatment response to nanoparticle albumin-bound paclitaxel (nab-paclitaxel)-treated aPDAC pts enrolled within an early phase I/II study, resulting in increased survival ([@bib36]). This effect was attributed to the affinity of SPARC to binding albumin, resulting in a depletion of tumoral stroma and an improved chemotherapy delivery to the tumour cells ([@bib36]). In fact, similar results have been obtained in genetically engineered mouse models of PDAC and smaller pts studies using nab-paclitaxel ([@bib1]), although there seems to be limited effects of SPARC expression on nab-paclitaxel efficacy in mice ([@bib23]). In contrast, a recently published *post hoc* analysis of the pivotal phase III MPACT trial comparing nab-paclitaxel plus gemcitabine *vs* gemcitabine alone did not show a significant effect of SPARC expression on overall survival (OS) or on nab-paclitaxel efficacy in metastatic PDAC pts ([@bib11]).

As the majority of the previously published studies mainly focused on resected PDAC pts, the prognostic significance of SPARC expression in the peritumoral stroma and in the tumour cells has not been extensively studied in advanced PDAC (aPDAC) yet. We thus examined the association of tumoral SPARC expression and its expression in the peritumoral stroma with clinicopathological parameters and survival times in a well-defined aPDAC population treated with various regimens of non-nab-paclitaxel-containing palliative first-line chemotherapy.

Patients and methods
====================

PDAC pt population
------------------

Samples of 134 aPDAC pts were collected retrospectively from pts treated within three terminated German multicentre chemotherapy trials ([@bib9]; [@bib2]; [@bib10]), as well as from a prospective single-centre biomarker study performed at the Comprehensive Cancer Center of Ludwig-Maximilians-University in Munich (CCC^LMU^). Patients treated within the AIO-PK0104 phase III study were only included in the current analysis if they were enrolled before amendment 1 (active from March 2006 on) that added erlotinib to first-line chemotherapy with either gemcitabine or capecitabine ([@bib3]). Clinical data were retrieved from the participating hospitals and the studies databases. Only pts receiving conventional cytotoxic chemotherapy were included into the current SPARC biomarker study, excluding pts treated with targeted agents (such as erlotinib) or nab-paclitaxel. The OS times were calculated from the start of palliative first-line chemotherapy to death from any cause. This retrospective biomarker study was approved by the local ethics committee of Ludwig-Maximilians-University of Munich (approval number 554-11). All pts included in the clinical studies gave written informed consent before any study-specific procedure was performed; pts included in our local prospective biomarker CCC^LMU^ database provided informed consent for the use of their clinical data, blood and archival tumour tissue for scientific research.

Tumour samples, SPARC immunohistochemistry and scoring algorithm
----------------------------------------------------------------

We retrieved formalin-fixed paraffin-embedded archival tumour tissue of 134 aPDAC pts irrespective of the tissue origin (primary or metastatic, resection or biopsy). To examine the tumoral and stromal SPARC expression using immunohistochemistry (IHC) on 4 *μ*m whole-mount tissue sections, a Ventana Benchmark XT autostainer was used (Ventana, Tucson, AZ, USA). Briefly, the slides were dewaxed and antigenicity was retrieved using the Ventana antigen retrieval solution CC1 (pH 8.4, Ventana) for 30 min. The slides were then incubated with the mouse monoclonal SPARC antibody (1 : 800 dilution, clone ON-1, Invitrogen, Carlsbad, CA, USA) for 32 min, and after secondary antibody incubation (Ultraview Kit; Ventana) the staining was visualised using diaminobenzidine (Ventana). Appropriate positive (human placenta) and negative control tissue (human skeletal muscle) were included in each staining run ([Supplementary Figure S1](#sup1){ref-type="supplementary-material"}).

The intensity of SPARC expression in the peritumoral stroma was assessed using a two-tier scoring system according to [@bib12]) by two experienced pathologists (SO and TK) blinded to the pts\' clinical outcome. Briefly, absent or weak SPARC staining in \<25% of the stroma was classified as low expression (low), while moderate to strong SPARC staining in over 25% of the tumour stroma was considered as high expression (high). Equally, cytoplasmic SPARC expression in the carcinoma cells was assessed, defining an absent or faint and speckled cytoplasmic staining in \<10% of the tumour cells as absent expression and thus as SPARC-negative case. In contrast, a clearly detectable weak, moderate or strong cytoplasmic staining intensity in over 10% of the tumour cells was considered a SPARC-positive case. Discrepant cases were discussed until agreement was reached. The results were correlated with the pts previously determined clinicopathological parameters and survival times (progression-free survival (PFS) and OS) from the beginning of palliative chemotherapy on.

Statistical analyses
--------------------

The Kaplan--Meier method with log-rank tests and Cox regression were used for univariate survival analyses. For multivariate analysis a stepwise forward Cox regression was applied. The relation of SPARC expression and its relation with pts clinicopathological characteristics were evaluated using *χ*^2^-tests.

Results
=======

Patient characteristics and clinicopathological variables
---------------------------------------------------------

A total of 107 of the 134 included pts were treated within prospective clinical trials (e.g., 58 pts ([@bib9]), 29 pts ([@bib2]) and 15 pts ([@bib10])) and 27 pts were derived from an ongoing prospective PDAC biomarker study conducted at the CCC^LMU^. Median age within the study population (79 male and 55 female) was 62 years. Eighty-three pts had a Karnofsky performance status (KPS) \>80%, which was associated with an improved OS (6.7 *vs* 10.6 months; hazard ratio (HR) 1.537, 95% confidence interval (CI) 1.051--2.249, *P*=0.025; [Table 1](#tbl1){ref-type="table"}; [Supplementary Figure S2A](#sup1){ref-type="supplementary-material"}) but not PFS (*P*=0.062, [Supplementary Figure S2B](#sup1){ref-type="supplementary-material"}). Fourteen pts had locally advanced pancreatic cancer (LAPC) and 120 pts metastatic disease at chemotherapy initiation, with the latter being associated with shorter OS and PFS from the beginning of palliative chemotherapy on (OS 8.0 *vs* 12.0 months, HR 1.705, 95% CI 0.891--3.265, *P*=0.103; PFS 10.0 *vs* 6.8 months, HR 1.795, 95% CI 0.864--3.729, *P*=0.111; [Table 1](#tbl1){ref-type="table"}; [Supplementary Figure S2C and D](#sup1){ref-type="supplementary-material"}), though not statistically significant (potentially due to the small sample size of LAPC pts). In all, 112 pts received gemcitabine-based first-line treatment and an additional 22 pts fluoropyrimidine-based chemotherapy, respectively, with no significant difference in OS (8.3 *vs* 7.2 months; HR 1.552, 95% CI 0.970--2.482, *P*=0.064; [Supplementary Figure S2E](#sup1){ref-type="supplementary-material"}); however, PFS was longer in pts treated with a gemcitabine-containing first-line regimen (7.4 *vs* 4.0 months, HR 2.111, 95% CI 1.226--3.635, *P*=0.006; [Supplementary Figure S2F](#sup1){ref-type="supplementary-material"}). A total of 14 pts had no apparent metastasis upon treatment initation (LAPC pts), 84 pts had a single metastatic site and 36 pts had more than one metastatic site, which was not significantly associated with shorter PFS or OS (for details see [Table 1](#tbl1){ref-type="table"} as well as [Supplementary Figure S2G and H](#sup1){ref-type="supplementary-material"}). Median OS calculated from the initiation of palliative chemotherapy of the entire study cohort was 8.3 months (95% CI 7.05--9.51). Neither pt age group (\<60 years *vs* ⩾60 years) nor sex or tumour grading was associated with PFS or OS ([Table 1](#tbl1){ref-type="table"}).

Stromal and cytoplasmic SPARC expression
----------------------------------------

Stromal and cytoplasmic SPARC expression was examined in 134 samples, with available corresponding clinicopathological data. Archival tissue origin was primary tumour (PT) in 64 cases (including 45 resected specimens) and metastasis (M) in 70 pts. SPARC expression in the desmoplastic peritumoral stroma was heterogeneously distributed, with an accentuated expression in the stromal tissue close to carcinoma cells ([Figure 1](#fig1){ref-type="fig"}). Of 134 samples, 90 (67%) showed a high and 44 (33%) a low expression of SPARC in the peritumoral stroma. Cytoplasmic SPARC expression was homogenously distributed throughout the carcinoma cells, though much weaker than in the adjacent desmoplastic stroma ([Figure 1](#fig1){ref-type="fig"}). Of 134 samples, 74 (55%) showed a measurable positive cytoplasmic SPARC expression, whereas 60 (45%) were classified as SPARC negative. No statistically significant correlation between stromal and cytoplasmic SPARC expression was detected (*P*=0.268; [Supplementary Table S1](#sup1){ref-type="supplementary-material"}).

SPARC expression, clinicopathological variables and survival analyses
---------------------------------------------------------------------

First, we examined the association of the possibly confounding clinicopathological variables sex, age group, disease stage, KPS, tissue origin, tumour grading and number of metastatic sites within the stromal as well as the cytoplasmic SPARC expression subgroup and detected no statistically significant interactions, besides a higher number of cytoplasmic SPARC-positive cases in pts with a KPS ⩽80 (67% *vs* 44%, *P*=0.010; [Supplementary Table S2](#sup1){ref-type="supplementary-material"}). Overall, high stromal SPARC expression was not associated with PFS (7.0 *vs* 5.9 months; HR 1.254, 95% CI 0.805--1.953, *P*=0.314) nor with OS (9.1 *vs* 7.6 months; HR 0.823, 95% CI 0.562--1.205, *P*=0.316; [Table 2](#tbl2){ref-type="table"}; [Figure 2A and B](#fig2){ref-type="fig"}). We obtained similar results for stromal SPARC in the PT and the M subgroup (PT subgroup: 10.8 *vs* 8.3 months, *P*=0.857; M subgroup: 7.8 *vs* 6.8 months, *P*=0.319; [Table 2](#tbl2){ref-type="table"}; [Supplementary Figure S3A and B](#sup1){ref-type="supplementary-material"}). In contrast, we detected a statistically significant inferior PFS and OS for pts showing a positive cytoplasmic SPARC expression (PFS: 6.2 *vs* 8.6 months, HR 1.878, 95% CI 1.208--2.921, *P*=0.0045; OS: 7.8 *vs* 8.4 months, HR 1.505, 95% CI 1.034--2.190, *P*=0.032; [Figure 2C and D](#fig2){ref-type="fig"}). This effect in fact was restricted to the PT subgroup (PFS: 6.7 *vs* 10.8 months, *P*=0.004; OS: 7.9 *vs* 11.9 months, *P*=0.030; [Figure 2E and F](#fig2){ref-type="fig"}), as we found no significant difference in our survival analyses between cytoplasmic SPARC-positive and cytoplasmic SPARC-negative cases in the M subgroup (PFS: 5.8 *vs* 6.6 months, *P*=0.502; OS: 7.0 *vs* 7.8 months, *P*=0.452; [Table 2](#tbl2){ref-type="table"}; [Supplementary Figure S3C and D](#sup1){ref-type="supplementary-material"}).

In order to test whether the stromal or cytoplasmic SPARC expression could additionally interact with the efficacy of the applied chemotherapy, we exploratively compared PFS and OS according to SPARC expression levels in the first-line gemcitabine-based treated (*n*=112) and in the first-line fluoropyrimidine-based treated (*n*=22) pt populations; this of note was done as an unplanned subgroup analysis. A positive cytoplasmic SPARC expression was significantly associated with inferior PFS and OS in the gemcitabine-treated group (PFS: 6.2 *vs* 9.2 months, *P*=0.002; OS: 7.3 *vs* 9.9 months, *P*=0.012; [Table 2](#tbl2){ref-type="table"}; [Figure 3A and B](#fig3){ref-type="fig"}), whereas no such association was detected within the smaller fluoropyrimidine-treated subgroup (PFS: 6.7 *vs* 2.2 months, *P*=0.032; OS: 9.1 *vs* 4.1 months, *P*=0.106; [Figure 3C and D](#fig3){ref-type="fig"}). In contrast, there rather was a trend for a better OS and a longer PFS in fluoropyrimidine-treated pts with a positive cytoplasmic SPARC expression. We found no differences in PFS or OS according to stromal SPARC expression neither in the gemcitabine- nor in the fluoropyrimidine-treated subgroups ([Table 2](#tbl2){ref-type="table"}; [Supplementary Figure S4A--D](#sup1){ref-type="supplementary-material"}).

Within stepwise forward multivariate Cox regression analyses adjusting for KPS, tumour grading, number of metastatic sites, stage of disease and cytoplasmic SPARC expression, KPS group was the only independent prognostic factor for OS (HR 1.483, 95%CI 1.012--2.174, *P*=0.043), whereas cytoplasmic SPARC expression remained borderline significant (HR 1.454, 95%CI 0.977--2.212, *P*=0.052). Interestingly, cytoplasmic SPARC expression was an independent factor for a poorer PFS in the overall study population (HR 1.878, *P*=0.005) and also for both PFS (HR 2.262, *P*=0.001) and OS (HR 1.689, *P*=0.014) in gemcitabine-treated pts ([Supplementary Table S3](#sup1){ref-type="supplementary-material"}).

Discussion
==========

To our knowledge, this is one of the first biomarker studies examining the peritumoral and cytoplasmic SPARC expression in aPDAC pts that did not receive nab-paclitaxel containing palliative chemotherapy. Using IHC, we were able to show that SPARC expression in PDAC tissue can reliably be assessed in resected tumour samples, as well as in biopsies independently from the tissue origin, that is, primary or metastatic tumours. In line with previously published studies ([@bib32]; [@bib6]), we were able to show in our well-defined study cohort (80% of the included pts were treated within prospective clinical trials) that a high SPARC expression in the peritumoral stroma occurs in the majority of PDAC tumours, but had no association with PFS or OS in none of the studied subgroups ([Table 2](#tbl2){ref-type="table"}). In contrast, cytoplasmic SPARC expression was associated with an inferior PFS and OS in the gemcitabine-treated subgroup and also in the overall study population when PT samples were examined. Additional multivariate analyses confirmed cytoplasmic SPARC expression as an independent factor for PFS and OS in gemcitabine-treated pts.

Several studies on SPARC expression in PDAC -- using different detection systems and scoring methods -- have been published so far, overall resulting in controversial data ([@bib25]; [@bib13]; [@bib17]; [@bib18]; [@bib36]; [@bib32]; [@bib6]; [@bib11]; [Table 3](#tbl3){ref-type="table"}). Concerning stromal SPARC expression, our findings in aPDAC are in contrast to previously published studies in resected PDAC, demonstrating inferior OS and a lack of gemcitabine efficacy in pts with high stromal SPARC expression ([@bib13]; [@bib32]), as well as increased tumour progression ([@bib6]). In a translational analysis from the adjuvant CONKO-001 study, the prognostic effect of peritumoral SPARC expression was limited to pts treated with adjuvant gemcitabine, supporting the idea of stromal SPARC as a potential negative predictive biomarker for adjuvant chemotherapy ([@bib32]). This observation may be due to increased SPARC expression in dense desmoplastic stroma and is in line with the hypothesis of the peritumoral stroma as a treatment barrier in PDAC ([@bib26]). Accordingly, studies have identified stromal SPARC expression as a treatment target of nab-paclitaxel-based chemotherapy ([@bib36]; [@bib1]), thus reducing the desmoplastic stroma and offering a survival advantage for PDAC pts. However, the idea of the peritumoral stroma as a mere treatment barrier in PDAC may be too simplistic as it does not reflect the complex signalling interaction between the stromal and the epithelial compartment. Indeed, activated stromal cells have been shown to have a tumour-promoting effect ([@bib19]), resulting in decreased survival, which can be overcome by stromal modulation ([@bib30]). On the other hand, recent preclinical data showed a deleterious effect of myofibroblast depletion in genetically engineered mouse models of PDAC, resulting in poor tumour differentiation, increased aggressiveness, proliferation, vascularisation and immunosuppression, finally leading to inferior OS ([@bib24]; [@bib28]). Moreover, as the data on the prognostic role of the peritumoral stroma in humans (as measured by *α*-SMA expression) are still conflicting ([@bib24]; [@bib31]) and clinical trials for stromal depletion in PDAC have failed ([@bib5]; [@bib20]) clear conclusions on this subject cannot be drawn yet. Especially, the exact functions and interactions of each stromal component, such as myofibroblasts, extracellular matrix, pancreatic stellate cells and immune cells in tumour promotion or inhibition are contradictory, context dependent and still poorly understood in its complexity ([@bib22]).

Data from the large phase III MPACT study recently confirmed an OS benefit for the combination of nab-paclitaxel plus gemcitabine compared with gemcitabine alone ([@bib34]; [@bib11]). Thus, nab-paclitaxel plus gemcitabine has evolved as a new standard treatment option in pts with metastatic PDAC ([@bib4]). However, a predictive role of high stromal SPARC expression for nab-paclitaxel efficacy could not be confirmed in a detailed translational analysis from MPACT ([@bib11]). This recently published *post hoc* sub-study (*n*=301 out of 861) reported much lower rates of high stromal and notably of high tumoral SPARC expression and did not show a significant effect of stromal or tumoral SPARC expression on OS in both chemotherapy subgroups and the overall study population ([@bib11]). In our study reported here, we used the same antibody (ON-1 (Invitrogen)) as the MPACT investigators, and the assessment of stromal SPARC expression was done by a previously reported and validated scoring system ([@bib12]). In line with the findings from MPACT, we did not detect a significant negative association of high stromal SPARC expression and PFS or OS. Indeed, high stromal SPARC expression was even associated with a trend towards an improved OS, though not statistically significant (9.1 *vs* 7.6 months, *P*=0.316; [Table 2](#tbl2){ref-type="table"}). The high rate of cytoplasmic SPARC positivity in our study and its association with a worse PFS and OS are in stark contrast to the translational MPACT results ([@bib11]), which is most likely due to a much more sensitive cutoff for SPARC positivity used in our study. In fact, using the same stringent cutoff as the MPACT investigators, we would have obtained a similarly low percentage of cytoplasmic SPARC expression (2.3%), which was -- as expected -- not associated with OS (*P*=0.411).

The conflicting results on stromal and cytoplasmic SPARC as a prognostic or predictive biomarker in PDAC may partially be based on different methodology concerning protein detection and staining evaluation but also on the origin of the tumour samples examined ([Table 3](#tbl3){ref-type="table"}). Notably, in the translational MPACT study primarily tissue samples from metastatic lesions or unidentified origin were used, whereas only 11% were confirmed pancreatic lesions. In contrast, all the studies confirming SPARC either as prognostic ([@bib13]; [@bib6]) and/or predictive ([@bib32]) biomarker, were performed on resected primary PDAC tumours. Differential SPARC expression in primary and metastatic tissue has been reported ([@bib7]), which we could not confirm in the present study. Using both PT samples (*n*=70) as well as metastatic tissue (*n*=64), we detected nearly identical rates of stromal and cytoplasmic SPARC expression in both subgroups. Notably, a prognostic impact of cytoplasmic SPARC expression was detected in the PT subgroup only. A main limitation for this preliminary observation may be based on the fact that within our PT subgroup both tumour tissues from the pancreatic primary of pts with metachronous (that previously underwent surgical pancreatic resection) and of pts with synchronous metastatic disease were included. This novel clinical finding, however, could be in line with a functional role for cytoplasmic SPARC in pre-metastatic tumour progression, as SPARC pre-clinically has been shown to increase the invasive properties of PDAC tumour cells ([@bib7]; [@bib29]), possibly via induction of matrix metalloproteases or modulation of their activity ([@bib33]).

In addition, we observed (within an explorative subgroup analysis) a potential survival benefit of a low or absent cytoplasmic SPARC expression for pts receiving gemcitabine-based treatment, whereas no such significant association was found for the smaller group of fluoropyrimidine-based treated pts. In the latter subgroup there even was a trend towards improved PFS and OS for pts with cytoplasmic SPARC-expressing tumours. However, the statistical power in the fluoropyrimidine subgroup was clearly limited due to the rather small sample size (*n*=22). One thus might at least hypothesise a negative predictive role of cytoplasmic SPARC expression for gemcitabine efficacy; if that observation could be confirmed by other groups, a possible biomarker for a treatment decision between gemcitabine- or fluoropyrimidine-based first-line regimens according to cytoplasmic SPARC expression in aPDAC pts could perhaps be obtained.

Its retrospective nature, the heterogeneous chemotherapy regimens applied, as well as the use of both biopsy material and resection specimens can be considered as the main limitations of our translational biomarker study. However, these characteristics may at least in part also be interpreted as strength of the current study, as our findings hold true for a broad range of clinically variable aPDAC pts that reflect daily clinical practice. Specifically, the important observation that the kind of tissue origin (primary *vs* metastatic) may have a significant impact on the value of a biomarker in PDAC is of high relevance for future biomarker trials in this disease. In this context, investigators should also keep in mind that tumour tissue from the pancreatic primary may perform differently in biomarker studies based on the time point of collection (e.g., archival tissue from a previous surgery in curative intent *vs* biopsy of the primary in a pt with synchronous metastatic disease). Thus, the need for repeated biopsies in future PADC biomarker studies arises in order to generate the best translational evidence possible.

Taken together, our data and previously published studies ([@bib13]; [@bib6]) indicate that stromal SPARC expression in PDAC may serve as a prognostic biomarker only in primarily resected PDAC, whereas no such association can be found in the metastatic PDAC situation. In contrast, our findings show that cytoplasmic SPARC expression may serve as biomarker associated with inferior PFS and OS in non-nab-paclitaxel-treated aPDAC pts (with this effect being restricted to the PT subgroup) and may furthermore potentially also act as a negative predictive biomarker for the efficacy of gemcitabine-based chemotherapy in aPDAC. An external validation of these hypothesis-generating results is necessary and strongly recommended; ideally, such a confirmatory biomarker study should of course be performed within a prospective clinical trial. Specifically, the role of tumoral/cytoplasmatic SPARC expression in PT specimens and its impact on treatment outcome should for example be re-investigated within the global APACT trial (that has already completed recruitment), which compares adjuvant gemcitabine *vs* gemcitabine plus nab-paclitaxel for 6 months after curative-intent resection of PDAC (NCT01964430).
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![**Variable stromal and cytoplasmic SPARC expression in PDAC tissue.** Immunohistochemical staining of SPARC (ON-1) in exemplary PDAC tissue shows variable expression in the peritumoral stroma and tumoral cytoplasm. Magnification= × 200. Scale bars indicate 50 *μ*m.](bjc2016355f1){#fig1}

![**Cytoplasmic but not stromal SPARC expression correlates with inferior overall survival (**A**, **C** and **E**) and progression-free survival (**B**, **D** and **F**) of aPDAC patients.** Univariate analysis (Kaplan--Meier curves and log-rank tests) of (**A** and **B**) stromal and (**C** and **D**) cytoplasmic SPARC expression as a biomarker in the tumour tissue of aPDAC pts treated with palliative, non-nab-paclitaxel containing chemotherapy; cytoplasmic SPARC expression in the (**E** and **F**) primary tumour subgroup. Crossed lines indicate censored cases.](bjc2016355f2){#fig2}

![**Cytoplasmic SPARC expression as a potential negative predictive biomarker for overall survival (**A** and **C**) and progression-free survival (**B** and **D**) in gemcitabine-treated aPDAC patients.** Univariate analysis (Kaplan--Meier curves and log-rank tests) of cytoplasmic SPARC expression in the tumour tissue of (**A** and **B**) gemcitabine-based treated aPDAC pts and (**C** and **D**) fluoropyrimidine-based treated aPDAC pts. Crossed lines indicate censored cases.](bjc2016355f3){#fig3}

###### Frequency of the patients\' clinicopathological characteristics (sex, age, KPS, disease stage at start of first-line chemotherapy, type of first-line chemotherapy, tumour grade and number of metastatic sites) and correlation with corresponding overall and progression-free survival

                                          ***n***   **OS (months)**   ***P*** **(log-rank)**   **HR**    **95% CI**    **PFS (months)**   ***P*** **(log-rank)**   **HR**    **95% CI**
  -------------------------------------- --------- ----------------- ------------------------ -------- -------------- ------------------ ------------------------ -------- --------------
  **Sex**                                                                                                                                                                  
  Male                                      79            8.3                 0.852            0.966    0.668--1.395         7.0                  0.681            1.094    0.712--1.681
  Female                                    55            7.3                                                                4.7                                                  
  **Age group**                                                                                                                                                            
  \<60 years                                54            8.3                 0.348             1193    0.825--1.725         6.8                  0.682            1.094    0.712--1.681
  ⩾60 years                                 80            7.9                                                                7.0                                                  
  **KPS**                                                                                                                                                                  
  ⩽80                                       51            6.7                 0.025             1537    1.051--2.249         4.6                  0.062            1.509    0.976--2.332
  \>80                                      83           10.6                                                                7.6                                                  
  **Stage at start of palliative CTX**                                                                                                                                     
  Locally advanced                          14           12.0                 0.103             1705    0.89--3.265          10.0                 0.111            1.795    0.864--3.729
  Metastatic                                120           8.0                                                                6.8                                                  
  **First-line CTX, CTX type**                                                                                                                                             
  Gemcitabine-based                         112           8.3                 0.064             1552    0.970--2.482         7.4                  0.006            2.111    1.226--3.635
  Fluoropyrimidine-based                    22            7.2                                                                4.0                                                  
  **Tumour grade**                                                                                                                                                         
  G1--G2                                    54            9.2                 0.243             1246    0.861--1.802         8.7                  0.123            1.405    0.910--2.169
  G3--G4                                    80            7.9                                                                6.6                                                  
  **Metastatic sites**                                                                                                                                                     
  0                                         14           12.0                 0.220             1281    0.945--1.737         10.0                 0.084            1,509    1.049--2.170
  1                                         84            8.3                                                                7.0                                                  
  \>1                                       36            7.3                                                                5.5                                                  

Kaplan--Meier estimates, log-rank tests and Cox regression.

Abbreviations: CI=confidence interval; CTX=chemotherapy; HR=hazard ratio; KPS=Karnofsky performance status; OS=(median) overall survival; PFS=(median) progression-free survival.

###### Correlation of overall and progression-free survival (Kaplan--Meier estimates, log-rank tests and Cox regression) according to stromal or cytoplasmic SPARC expression in the total study population, in the primary tumour and metastatic tissue subgroups and in the gemcitabine-based and fluoropyrimidine- based treatment subgroups

                                ***n***   **%**    **OS (months)**   ***P*** **(log-rank)**   **HR**    **95% CI**   **PFS (months)**    ***P*** **(log-rank)**   **HR**    **95% CI**
  ----------------------------- --------- ------- ----------------- ------------------------ -------- -------------- ------------------ ------------------------ -------- --------------
  **Stromal SPARC**                                                                                                                                                       
  **Total**                                                                                                                                                                      
   High                         90        67             9.1                 0.316            0.823    0.562--1.205  7.0                         0.314            1.254    0.805--1.953
   Low                          44        34             7.6                                                         5.9                                                         
  **Primary tumour**                                                                                                                                                             
   High                         46        72            10.8                 0.857            0.948    0.528--1.701  8.6                         0.792            1.099    0.543--2.224
   Low                          18        18             8.3                                                         7.4                                                         
  **Metastasis**                                                                                                                                                                 
   High                         44        63             7.8                 0.319            0.772    0.463--1.287  6.6                         0.539            1.199    0.671--2.141
   Low                          26        37             6.8                                                         4.1                                                         
  **Cytoplasmic SPARC**                                                                                                                                                   
  **Total**                                                                                                                                                                      
   Positive                     74        55             7.8                 0.032            1,505    1.034--2.190  6.2                         0.004            1.878    1.208--2.921
   Negative                     60        45             8.4                                                         8.6                                                         
  **Primary tumour**                                                                                                                                                             
   Positive                     36        56             7.9                 0.030            1,839    1.054--3.211  6.7                         0.004            2.680    1.335--5.379
   Negative                     28        44            11.9                                                         10.8                                                        
  **Metastasis**                                                                                                                                                                 
   Positive                     38        55             7.0                 0.452            1,216    0.730--2.025  5.8                         0.502            1.215    0.688--2.145
   Negative                     32        45             7.8                                                         6.6                                                         
  **Gemcitabine subgroup**                                                                                                                                                
  **Stromal SPARC**                                                                                                                                                              
   High                         72        62.5           9.9                 0.180            0.762    0.499--1.141  7.8                         0.192            1.379    0.848--2.242
   Low                          40        37.5           7.6                                                         5.8                                                         
  **Cytoplasmic SPARC**                                                                                                                                                          
   Positive                     60        53.6           7.3                 0.012            1.693    1.114--2.560  6.2                         0.002            2.158    1.319--3.531
   Negative                     52        46.4           9.9                                                         9.2                                                         
  **Fluopyrimidine subgroup**                                                                                                                                             
  **Stromal SPARC**                                                                                                                                                              
   High                         18        81.8           7.2                 0.765            1.192    0.386--3.646  4.0                         0.651            0.751    0.210--2.694
   Low                          4         18.2           4.0                                                         2.2                                                         
  **Cytoplasmic SPARC**                                                                                                                                                          
   Positive                     14        63.6           9.1                 0.106            0.474    0.188--1.197  6.7                         0.032            0.282    0.082--0.966
   Negative                     8         36.4           4.1                                                         2.2                                                         

Abbreviations: CI=confidence interval; HR=hazard ratio; OS=(median) overall survival; PFS=(median) progression-free survival; SPARC=secreted protein acidic and rich in cysteins.

###### Overview of previously published studies on SPARC expression in PDAC

  **Author**    **Year**  **Clinical situation**             **Cases**           **Method**   **Antibody**                                               **Tissue type**                                **Scoring method, stroma**                                                                                                                                                                                                                                                                                                                       **Scoring method, cytoplasm**                                                            **Cutoff**                                                                              **Stromal hi**                                                                                           **Cytoplasmic hi**                                                                                                                                                                            **SPARC clinical relevance/conclusion**
  ------------ ---------- ------------------------ ----------------------------- ------------ ---------------------------------------------------------- ---------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Prenzel         2006    rPDAC                                 31               qPCR         NA                                                         Snap-frozen fresh resection specimens          NA                                                                                                                                                                                                                                                                                                                                               NA                                                                                       NA                                                                                      NA                                                                                                       NA                                                                                                                                                                                            No prognostic significance or association to clinicopathologic variables of SPARC mRNA expression was detected
  Infante         2007    rPDAC                                 299              IHC          Ms monoclonal clone ON-1, Zymed                            Resection specimens TMA                        Absent, weak (+), moderate (++), strong (+++)                                                                                                                                                                                                                                                                                                    Same as for stroma/not specified further                                                 Negative: absent or weak in \<10% positive: moderate or strong in ⩾10%                  66.9%                                                                                                    31.4%                                                                                                                                                                                         SPARC expression in peritumoral fibroblasts was an independent prognostic biomarker, whereas tumoral SPARC expression was not
  Mantoni         2008    laPDAC                                58               IHC          Ms monoclonal, Zymed                                       Biopsies whole mount                           Combined semiquantitative score (intensity 0, 1, 2, 3) quantity (0=\<5%, 1=5--25%, 2=26--50%, 3=\>50%)                                                                                                                                                                                                                                           NA                                                                                       Intensity 0 *vs* intensity 1--4                                                         NR                                                                                                       NR                                                                                                                                                                                            SPARC expression in the stroma not directly adjacent to the tumour was a negative prognostic biomarker
  Miyoshi         2010    rPDAC                                 104              qPCR         NA                                                         Resection specimens                            NA                                                                                                                                                                                                                                                                                                                                               NA                                                                                       NA                                                                                      NA                                                                                                       NA                                                                                                                                                                                            High SPARC mRNA level was an independent negative prognostic biomarker
  von Hoff        2011    mPDAC                                 36               IHC          One monoclonal and one polyclonal, not further specified   Not specified                                  Proprietary methodology: 7 tissue components evaluated (tumour, fibroblasts, immune cells, not further specified using two antibodies, each component three measures (maximum intensity, percentage at maximum intensity, overall score), resulting in 42 variables per tumour. Standardised via *z*-score and averaged between two observers.   NA                                                                                       High SPARC: *z*-scores ⩾0; low SPARC: *z*-scores \<0                                    High SPARC 52.8% (according to *z*-score). Stromal or tumoral SPARC expression not reported separately   High SPARC (according to *z*-score) was a significant predictor for OS in nab-paclitaxel-treated patients. Stromal SPARC was significantly associated with OS but not SPARC in tumour cells    
  Sinn            2014    rPDAC                                 160              IHC          Ms monoclonal clone 15G12, Novocastra                      Resection specimens TMA                        Intensity (negative=0, weak=1, moderate=2, strong=3)                                                                                                                                                                                                                                                                                             Percentage (0%=0--\>80%=4) and intensity (0--3 as for stroma); multiplied to IRS 0--12   Stroma: strong=strong; cytoplasm: IRS ⩾3=high                                           58.1%                                                                                                    26.3%                                                                                                                                                                                         Strong stromal and high cytoplasmic SPARC expression were both associated with poor DFS and OS in pts treated with adjuvant gemcitabine
  Gundewar        2014    rPDAC                                 88               IHC          Ms monoclonal clone 15G12, Leica                           Resection specimens type not specified         \>10% considered positive, semiquantitative score for intensity (0=absent, 1=weak, 2=moderate, 3=strong)                                                                                                                                                                                                                                         NA                                                                                       0+1=low, 2+3=high                                                                       15.9%                                                                                                    NR                                                                                                                                                                                            High stromal SPARC expression was an independent negative prognostic biomarker. No association to type of CTX
  Hidalgo         2015    mPDAC                     Stroma: 256; cytoplasm: 301  IHC          Ms monoclonal clone ON-1, Invitrogen                       Not specified                                  0=absent, 1+=\<25% positive at 200 × /400 ×, 2+=⩾25--49% positive at 100 × to 200 ×, 3+=⩾50% at 20 × to 40 ×                                                                                                                                                                                                                                     *H*-score: % positive cells × staining intensity                                         Stroma: 3+=high, \<3+=low; cytoplasm: *H*-score ⩾100=high, \<100=low, absent=negative   28.0%                                                                                                    3.0%                                                                                                                                                                                          High stromal and high cytoplasmic SPARC expression were not associated to OS in nab-paclitaxel- and gemcitabine-treated pts
  Ormanns         2016    laPDAC+mPDAC                          134              IHC          Ms monoclonal clone ON-1, Invitrogen                       Biopsies and resection specimens whole mount   Negative (low)=absent or weak in \<25% positive (high)=moderate to strong in ⩾25%                                                                                                                                                                                                                                                                0=absent, 1=faint or \<10% positive, 2=weak in⩾10%, 3=moderate or strong in ⩾10%         Stroma: high *vs* low; cytoplasm: negative=0 or 1, positive=2 or 3                      67.2%                                                                                                    55.2%                                                                                                                                                                                         Stromal SPARC expression was not associated to OS. Cytoplasmic SPARC expression was an independent predictor of poor PFS in the overall study population and of poor OS and PFS in the gemcitabine-based treated pts

Abbreviations: IHC=immunohistochemistry; laPDAC=locally advanced PDAC; mPDAC=metastatic PDAC; Ms=mouse; NA=not applicable; NR=not reported; ON-1=osteonectin-1; PDAC=pancreatic ductal adenocarcinoma; qPCR=quantitative PCR; rPDAC=resected PDAC; SPARC=secreted protein acidic and rich in cysteins; TMA=tissue microarray.
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